Growth factor action and intracellular pH regulation in fibroblasts. Evidence for a major role of the Na+/H+ antiport.
Chinese hamster lung fibroblasts (CCl39) possess in their plasma membrane an amiloride-sensitive Na+/H+ antiport, activated by growth factors. Measurements of intracellular pH (pHi), using equilibrium distribution of benzoic acid, provide evidence for a major role of this antiport in 1) regulation of cytoplasmic pH, in response to an acute acid load or to varying external pH values, and 2) the increase in cytoplasmic pH (by 0.2-0.3 pH unit) upon addition of growth factors (alpha-thrombin and insulin) to G0/G1-arrested cells. Indeed, these two processes are Na+-dependent and amiloride-sensitive; furthermore, CCl39-derived mutant cells, lacking the Na+/H+ exchange activity, are greatly impaired in pHi regulation and present no cytoplasmic alkalinization upon growth factor addition. In wild type G0-arrested cells, the amplitude of the mitogen-induced alkalinization reflects directly the activity of the Na+/H+ antiport, and is tightly correlated with the magnitude of DNA synthesis stimulation. Therefore, we conclude that cytoplasmic pH, regulated by the Na+/H+ antiport, is of crucial importance in the mitogenic response.